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STUDY OF CLOUDINESS PARAMETERS BASED ON MEASUREMENTS
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A. S. Gurvich, M. S. Krylova, B. G. Kutuza, D. T. Matveyev, and
' A. P. Orlov

The Satellite Kosmos-384 made studies of the thermal radia-
tion of the atmosphere-underlying surface system, which were be-
gun with the satellite Kosmos-243 [1]. Kosmos-384 was placed

into orbit on December 10, 1970. The inelination of the satelllte
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Figure 1. Behavior of the brightness temperature Ty at a wave-
length of 0.8 cm, water reserve of the clouds W, mean monthly
values of the atmospheric water content @, and ocean surface
temperature along the projection of the satellite orbit over
the Pacific Ocean (December 10, 1970).

¥ Numbers in the margin indicate pagination in the
original forelgn text.
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Figure 2. a - Behavior of radio brightness temperature T, / 188 -
at a wavelength of 0.8 cm and the water reserve of the

clouds W, when a cold front is intersected; b - Map of

turbidity analysis in this region.
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Figure 3. Determination of the upper cloud boundary
based on measurements in the infrared region above the
Pacific Ocean.

orbital plane to the plane of the equator was 72.9°, the
perigee was 212 kilometers, and the apogee was 314 kilometers.

This article investigates the results of measurements
at wavelengths of 0.8 em and 10-12 micrometers when studying
the cloudlness parameters. Both the results ofia synoptic
analysis of the USSR Hydrqmeteorological Center and the main
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climatlc data were used for the analysis,

Variations in the radio brighteness temperature at a wavelength 3
of 0.8 cm ?b above the oceans were determined primarily by changes b
in the water content in the atmosphere — with clouds and precipita-
tion [2]. Figure 1 shows the distribution of the brightness tempera-
ture during the satellite flight from 20°N to 60°S above the ~
Pacific Ocean, whose general features are similar to the distri-
butions obtained on Kosmos-243. In this section of the trajJectory, :
the ocean was greatly covered with clouds, which may be seen from b
the televislon plctures obtalned 1n thls region. The great changes |
in the brightness temperature point to the wide range of variations
in the integral content of water in the clouds.

The water reserve of the clouds W, which is also shown 1n
Flgure 1, was calculated from measurements of the radio bright-
ness temperature. For calculations of W, we use the-mean climat;@éggg
on the ocean surface temperature T0 and on the integral humidity -
Q@ over the ocean in January. In reglons where the brightness
temperature was greater than 200°K, the presence of clouds above
the ocean was very probable [2].

Figure 2-a, shows the behavior of the radio brightness /188 .
temperature at a wavelength of 0.8 e¢m and the change in the l
cloud water reserve W above the center portion of the Pacific
Ocean in the region of 30-40° N where the projection of the orbit for
the Kosmos-384 satellite Intersects a cold-front at the angle 45°,

On the turbidity analysis map, which 1s based on data obtained
from satellite IT0S-1 (Figure 2 b), in this region there :is

dense cloudiness and Cirrus and Cirrocumulus clouds. On the syn-
optic map obtained on December 11, 1970, there is a line of a
front and precipitation in this region. Radiometric measurements
in agreement with the synoptlic maps show an increase in the cloud
water reserve as the front 1s approached, and the radlo brightness
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temperature increases greatly. The estimate of the maxlimum
water reserve is about 1.3 kg/mz. Apparently, clouds cccur 1n
the region where there is a maxlimum of the brightness temperature.

We should note that in all of the cases observed, when
atmospheric fronts were intersected over the ocean, there was a
great increase in the radic brightness at a wavelength of 0.8 em,
just as occurred in the experiment on the satellite Kosmos-2U43,

Using the method given in [3-5], we may estimate the
height of the upper cloud boundary over the Pacific Ocean based
on measurements of the radiation temperature in the 10-12 micro-
meter range. Figure 3 shows the behavior of the radiation temp-
erature above the equatorial reglon of the Pacific Ocean. A
transition is made to the scale of the helight of the upper cloud
boundary by means of the mean climatic data on the vertical
temperature profile. The example shown 1n Figure 3, 1in which
the helght of the clouds reaches up to 15 kilometers, is
characteristic for the equatorial zone with strong clouds of
vertical development.

Synchronous measurements in the infrared and microwave / 189
range make 1t possible to expand our Information regarding the
structure of the cloud system above the ocean. Figure I shows
synchronous recordings obtained in the Southern hemisphere
over the Pacific Ocean.

In Part 1, the behavior of the radiation temperature at a
wavelength of 10-12 micrometers is essentlally the mirror image
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of the radio brightness at a wavelength of 0.8 em.,¥ This indi-
cates that in this region for several hundred kilometers, the in-

_erease in the cloud water content with the possible formation of

precipitation, is accompanied by an increase in thelr upper

boundary.

In Section 2, the relationship between the water content and
the height of the upper boundary 1s more complex, and the
greatest height of the clouds does not coincide with the maximum
water reserve. This leads to the assumption of the development
of 1cy c¢louds in the upper stratum, which do not occuf at observa-
tions at a wavelength of 0.8 cm. |

In conclusion, we should note that measurements performed on
Kosmos-384 supplement the results of measurements performed
previously on Kosmos-243, which provided data on another season.
The results of thelr processing provide further corroboration of
the possibilities of using a complex of satellite measurements
of thermal radiation in the radlo- and infrared regions and
television pictures to obtain guaintitative data on the atmos-
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Figure 4. Synchronous measurements of the radio brightness T
(--) and the radiatlon temperature T, (—-) over the Pacific Ogean.

# We should recall that an increase in the helight of the
upper boundary of dense clouds with emissivity which 1s close to
unity, leads to a decrease in their radiation temperature in the
infrared region. An increase 1n the cloud water content above
the ocean 1leads to an increase in their radilo brightness at a

wavelength of 0.8 cm.
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